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A contactor apparatus used in au- 
tomatic testing in a manufacturing line 
includes a site for receiving an electrical 
device with an array of input/output el- 
ements on a surface of the electrical de- 
vice package. The contactor Is capable 
of forming electrical connections with 
each of the elements in the array. The 
contactor has a guide plate including 
plurality of contact elements. Each con- 
tact element has a first end and a sec- 
ond end. TTic contact elements arc po- 
sitioned in an array which correspCHids 
to the array of input/output elements of 
the electrical device. The guide plate 
is attached to a printed circuit having a 
plurality of pads. The pads arc also sit- 
uated in an array. The printed circuit is 
an interface to test electronics located 
near the printed circuit. An anisotropic 
compliant conductive interposer is posi- 
tioned between the contact elements of 
the guide plate and pads of the printed 
circuit. One end of a contact element 
contacts the anis tropic compliant con- 
ductive interposer m response to the 
other end of the contact element being 
contacted by the input/output element 
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The anisotropic compliant conductive inteiposcr conducts electric signals along a path between the one end of the contact element and a 
pad on the printed circuit below the contact element providing contact force at the contact elements using the input/output elements n the 
electrical device. The anisotropic compliant conductive interposer has an elastomeric base which counteracts the force from the contact 
element. 
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GRID ARRAY PACKAGE TEST CONTACTOR 

5 Fie|^ Qf th^ Invention 

The present invention relates to a method and apparatus for 
providing electrical contacts and more specifically to making electrical contacts 
between an electronic test apparatus and an electrical component in a grid array 
package. 

10 Background of the Invention 

As more and more capability is being designed into electronic 
components, such as memory modules and microprocessors, there are an 
increasing number of leads or input/output elements being placed onto 
electronics packages. In the past, peripherally leaded packages provided an 
15 adequate number of leads or input/output elements. Peripherally leaded packages 
have leads or input/output elements along the edges of the electronic component. 
In many applications, such packages provide an adequate number of input/output 
elements. In the past few years, however, there are electronic components that 
require more input/output elements and require packages with more densely 

20 packed leads. Grid array packaging with input/output elements placed on the 
surface of the components have been used to provide additional leads. There are 
several types of grid arrays. Ball grid arrays and chip scale packages have 
hemispherical solder balls as input/output elements. Land grid arrays have flat 
gold plated pads as input/output elements. Pin grid arrays have gold plated pins 

25 as input/ou^ut elements. 

In the past, several apparatus have been used to make electrical 
testing coimections to grid array and other semiconductor packages. Previous 
test contactors have had severe limitations for high performance devices and for 
reliable operation when used with high volume, automated device handling 

30 equipment. Many of the problems result in poor electrical performance. 

Typically, this is due to long electrical path lengths within the contactor. Long 
electrical path lengths exhibit undesirable impedance effects which interfere with 
the integrity of the electrical tests being performed on the device under test 
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Undesirable impedance effects include long paths of uncontrolled impedance. 
Such uncontrolled impedance paths distort high frequency signal integrity and 
allow crosstalk between physically adjacent paths. Other undesirable impedance 
effects include parasitic inductance, capacitance, and resistance. Parasitic path 

5 inductance interferes with device power and ground sourcing by inducing 
voltage spikes during instantaneous electrical current changes. Parasitic 
capacitance presents undesirable electrical loading of device and test electronics 
signal sources. Parasitic resistance causes voltage errors when significant 
current must flow through the resistive path. This is only a partial list of 

1 0 undesirable impedance effects which occur with long electrical paths in test 
contactors. 

Previous test contactors often performed poorly in high volume 
test environments which employ automated device handling equipment. 
Contactor fragility often results in contactor damage when a handling equipment 
1 5 error presents a device to a contactor incorrectly. Contactors often wear rapidly 
during high volume use resulting in wear damage to alignment features and 
contact surfaces. Contactors may also be too susceptible to contamination from 
normal production environment debris such as package resin dust and package 
lead solder-plating. 

20 Spring contact pins are one type of contact used to make test 

contactors. Inside the body carrying the contact pin is a spring. The spring 
interacts with long and fragile leads. Therefore, not only is electrical 
performance poor because of the undesirable impedance effects due to the long 
leads, but the life of the spring contact pin is limited due to the fragile leads. 

25 Wadded wire contacts are another option for contacting 

input/output elements in a grid array. Wadded wire contacts are made of an 
electrically conductive spring wire material that resemble steel wool. The 
wadded wire contacts are small steel wool like balls or columns that are brought 
into contact with the input/output elements of a grid array. The problem with 

30 wadded wire contacts is that many times the small steel wool like balls take 
compression set early in their operating life. Each wadded wire contact in an 
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array of wadded wire contacts can be good at manufacture or installation in the 
contactor but may develop a set after being compressed a few times resulting in 
loss of spring characteristics. The wadded wire contact arrays must undergo 
extensive testing before they are used. In addition, wadded wire contacts cannot 
S be spaced closely enough together to contact the individual input/output 

elements on a very high density, grid array typical of chip-scale BGA packages. 
Rigid contacts with an elastomer support have also been used to 
contact input output/elements in a grid array. A common elastomer supports an 
array of rigid contacts. This type of contactor has numerous problems. For 
10 example, the constant compression and decompression of the elastomer results in 
a continuous scrubbing of the user interface board. This causes premature board 
failure. In addition, the common elastomer has a different coefficient of thermal 
expansion than does the electronic device under test. The differences in 
coefficient of linear expansion values make it difficult to hold registration 
1 5 between the input/output elements and the device under test over a broad range 
of temperature. Yet another problem is poor compliancy. This system tends to 
require very high compression forces to accommodate non-coplanarities in 
electronic devices under test. 

There is a real need for a contactor which can contact grid arrays 
20 that does not have the electrical performance problems of an undesirable 

impedance effects associated with long leads. There is also need for a contactor 
that has the robustness necessary for an automated test environment There is 
further need for a contactor that does not depend on temperature. There is also a 
need for a contactor having enhanced compliance. 
25 Summary of the Invention 

A contactor apparatus used in automatic testing in a 
manufacturing line includes a site for receiving an electrical device with an array 
of input/output elements on a surface of the electrical device package. The 
contactor is capable of forming electrical connections with each of the elements 
30 in the array. The contactor has a guide plate including plurality of contact 
elements. Each contact element has a first end and a second end. The contact 
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elements are positioned in an array which corresponds to the array of 
input/output elements of the electrical device. The guide plate is attached to a 
printed circuit having a plurality of pads. The printed circuit is external to the 
contactor. The pads are also situated in an array. The printed circuit is an 
5 interface to test electronics located near the printed circuit. 

An anisotropic compliant conductive interposer is positioned 
between the contact elements of the guide plate and pads of the printed circuit. 
One end of a contact element contacts the anisotropic compliant conductive, 
interposer in response to the other end of the contact element being contacted by 
10 the input/output element. The anisotropic compliant conductive interposer 

conducts electric signals along a path between the one end of the contact element 
and a pad on the printed circuit below the contact element providing contact 
force at the contact elements using the input/output elements on the electrical 
device. The anisotropic compliant conductive interposer has an elastomeric base 
1 5 which counteracts the force from the contact element. The end result is an 

electrical path from the input/output element of the electrical device to a pad on 
the printed circuit. The electrical path includes the contact element and a portion 
of the anisotropic compliant conductive interposer. The path is very short so 
undesirable impedance effects due to the electrical path are minimized. In 
20 addition, one end of the contact elements can be shaped to provide the best 

possible contact to the input/output elements on the electrical device. The other 
end of the contact element can be shaped to allow for a good contact to the 
anisotropic compliant conductive interposer and shaped so that the life of the 
anisotropic compliant conductive interposer will be maximized. 
25 Advantageously, the guide plate and contact elements isolate the anisotropic 
compliant conductive interposer from contaminants that rub or are scraped off 
the input/output elements of the electrical device. 

Rricf Desc ription of the Drawings 
FIG. 1 is a schematic diagram of a testing apparatus. 
30 FIG. 2 is a exploded isometric drawing of a contactor. 

FIG. 3 is a cross section view of an assembled contactor as shown in FIG. 2. 
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FIG. 4 is a perspective view of a contact element in contact with an input/output 
element. 

FIG. 5 is a cutaway perspective view of another contact element. 
FIG. 6 is a cutaway perspective view of another contact element. 
5 FIG. 7 is a cutaway perspective view of another contact element. 
FIG. 8 is a cutaway perspective view of another contact element. 
FIG. 9 is a perspective cutaway view of an angled opening and contact element 
in a guide plate. 

FIG. 10 is an exploded perspective view of an interface board and contactor with 
10 external circuitry modules. 

FIG. 1 1 is a perspective view of a manual contactor. 

FIG. 12 is a perspective view of a manual contactor in an open position. 

FIG. 13 is a perspective view of a non conductive film array. 

DcscriDtion of the Preferred Emhndimgnt 
1 5 In the following detailed description of the preferred embodiment, 

reference is made to the accompanying drawings which form a part hereof, and 
in which are shown by way of illustration specific embodiments in which the 
invention may be practiced. It is to be understood that other embodiments may 
be utilized and structural changes may be made without departing from the scope 
20 of the present invention. 

FIG. 1 is a schematic diagram of the testing apparatus. The 
testing apparatus 100 includes an automated test handler 101 . The automated 
test handler includes an actuator 102, a plunger 104, and a nest 106. The testing 
apparatus also includes an apparatus for making electrical contact and 
25 performing electrical tests on an electrical component or device under test. The 
testing apparatus includes a contactor 1 10 having a a guide plate 108, an 
interface board 320 and automatic test equipment or test electronics 1 12. The 
nest 106 holds an electrical component under test. The electrical component is 
not shown in Figure 1 . The plunger 104 typically holds the electrical component 
30 within the nest via vacuum pickup. The nest may include beveled surfaces or 
other features, such as bevel 120, which is used to roughly align the nest with the 
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guide plate 108. The nest also includes some hard stops 122 which abut the edge 
of the guide plate and prevent the nest from traveling further into the guide plate 
108. When the nest 106 is holding the electrical component to be tested, the 
plunger is moved by actuator 1 02 so that the electrical component is moved out 
5 of the automated test handling 101 and toward the guide plate 108. The guide 
plate provides coarse alignment as the nest 106 enters the guide plate 108. The 
guide plate 108 may also provide precise alignment when a land grid array 
electronics package is under test. The guide plate sits atop a contactor 1 10 which 
includes electrical contacts and electrical paths to the electronics 1 12 for testing 
10 the electrical component. The electronics for testing the component are also 
called automatic test equipment. 

FIG. 2 shows an exploded isometric drawing of a contactor. The 
actuator 102, plunger 104 and nest 106 have not been shown in Figure 2 so that 
the guide plate 108 and contactor 1 10 could be described in more detail. The 
1 5 contactor 1 1 0 includes a site 200 for receiving the electrical component 202 

under test. The electrical component 202 under test has a number of input/output 
elements 203 positioned on one surface of the electrical component. The site 
includes a surface 204. In the surface are a plurality of openings 206. The 
openings axe positioned in an array which corresponds to the array of the 
20 electrical component 202 under test. Each opening includes a contact element 
208. This is best seen at the cutaway portion of the guide plate 108. Opposite 
the surface of the site 200 is a cavity 210 for receiving a frame 212. The cavity 
210 is shaped to receive the frame 212. Attached to the frame 212 is a sheet of 
an anisotropic compliant conductive interposer 214. The frame 212 provides a 
25 standoff for the anisotropic compliant conductive interposer 214. In other 
words, the frame 212 holds the anisotropic compliant conductive interposer 
away from the surface of the cavity 210. The anisotropic frame prevents the 
anisotropic interposer from being compressed by the guide plate 108. 

The device or electrical component 202 is packaged in a grid 
30 array type semiconductor package. The device 202 has input/output elements 
203 arranged in an array over one of the larger surfaces of the package body. 



BNSDOCID: <WO_981369SA1 JL> 



wo 98/13695 



PCT/US97/08901 



The particular package shown is a ball grid array package. There are other grid 
array type packages which include pin grid arrays, land grid arrays, and chip- 
scale grid arrays. The device 202 is a typical example of one of these types of 
packages. It should be noted that the devices come in various dimensions and 
5 that the input/output elements may be arranged in different types of arrays. 

FIG, 3 shows a cross sectional view of the electrical component 
202 positioned within the site 200 of the guide plate 108. The guide plate 108 is 
attached or abuts a user interface board 320. The input/output elements 203 are 
shovsm in contact with the contact elements 208 of the guide plate 108. The 
10 contact elements 208 typically have one end 300 which is designed make 
electrical contact with the input/output elements 203 and another end 310 
designed to contact the anisotropic compliant conductive inteiposer material 214. 
In FIG. 3, for example, the end 300 of contact 208 has a concave shape for 
receiving the ball or hemispherical input/output element of the electrical device 
1 S under test 202. The end 3 1 0 which contacts the anisotropic compliant 

conductive inteiposer 214 has a hemispherical shape. Advantageously, the 
concave shape or cup shape of the end 300 of the contact element 208 provides a 
self centering feature. If close, the taper associated with the cup or concave 
surface guides the ball into full engagement with the contact element 208. In 
20 addition, the end 3 10 of the contact element 208 is designed so that it will not 
prematurely wear out the anisotropic interposer 21 4. A stop ring 3 1 2 is also 
positioned near the end 3 1 0 of the contact element 208. The stop ring 3 1 2 
retains the contact element 208 in the guide plate 108. 

The interface board 320 which has a plurality of pads 322. In 
25 most instances there is one pad 322 for each of the contact element 208. It 
should be noted that the user interface board 320 may have more than one pad 
for each contact element 208 in the contactor. To illustrate this, at one particular 
site on the user interface board 320 has two pads to which the contact element 
will make an electrical connection in response to the electrical component 
30 contacting one end of the contact element 208. On this particular interface board 
320, the two pads are grouped into two types, namely a force-trace pad 330 and a 
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sense-trace pad 332. At this point, the discussion will not address the two 
different types of pads on this particular interface board. The pads 322 provide 
an electrical path to the test electronics 1 12 by way of electrical signal paths 340 
in the user interface board 320. 
5 The anisotropic compliant conductive interposer material 2 1 4 is 

comprised of an elastomeric sheet 350 that includes a plurality of conductors 
352. Figure 3 shows a cross-sectional view of the particular anisotropic 
compliant conductive interposer material used in this invention. The particular 
anisotropic compliant conductive interposer material is a product named MT that 
10 is available from Shin-Etsu Polymer. The particular anisotropic compliant 

conductive interposer 214 has a plurality of angled conductors 352. The angled 
conductors 352 conduct current only in the direction of the conductors. The 
angled conductors 352 provide for reliable compression without conductor 
fatigue. The conductors 352 are in a high density matrix such that several 
1 5 conductors can be electrically contacted when a contact element 208 contacts the 
interposer 214. The elastomeric material is actually a silicone base that provides 
high compliance over a wide temperature range. It should be noted that when 
angled conductors 352 are used in the anisotropic compliant conductive 
interposer 214, the pads 322 which correspond to the contact elements 208 are 
20 offset from being directly aligned with the contact element 208. 

The guide plate 108 includes a bevel for coarse alignment. In the 
ball grid array and chip scale electronics packages, the self centering action of 
the balls contacting the contact elements 208 provides the fine or precise 
alignment. In the case of a land grid array, the bevels on the guide plate provide 
25 both the coarse and precision alignment between the lands of the land grid array 
and the contact elements 208. 
OpgratiQn 

In operation, an electrical path is formed between a particular 
input/output element 203 and a pad 322 on the user interface board 320 in 
30 response to the electrical component or device 202 being received in the site 200 
of the guide plate 108. As the device or electrical component 202 enters the site 



BNSDOCID: <WO_9813695A1J_> 



wo 98/13695 



PCTAJS97/08901 



9 

200, the input/output elements 203 contact the ends 300 of the contact elements 
208. The ends 300 have a concave shape and self center the input/output 
elements 202. As the input/output elements 208 are contacted further, the end 
3 1 0 of the contact elements 208 contact the anisotropic compliant conductive 
5 interposer 214, Conductors 352 within the interposer 214 conduct electrical 

signals down to the pads 322 on the interface board 320. The pads 322 are offset 
from a direct vertical alignment with the contact elements since the conductors 
352 in the interposer 214 are angled. It should also be noted that in some 
applications it is desirable to place more than one pad 322 on the interface board 
10 320 into electrical contact with the input/output element 203 of the device 202. 
The conductors 352 are spaced at a small enough pitch to allow two distinct 
electrical paths to a single input/output element 203. 

Advantageously, the path length of the contact elements and the 
electrical path is minimized in this contactor. With a minimum electrical path 
1 5 length, the electrical environment for the contactor is optimized. The short path 
length provides minimized reactive impedance and minimized uncontrolled 
impedance in the electrical path between the electrical component 202 and the 
test electronics 112. In addition, the contact element construction and 
composition enhances the electrical environment. The contact elements 203 are 
20 relatively substantial and provide low path impedance. The construction and 
composition also provides a high number of contact cycles without failure. The 
contact elements in the openings also maximize the life of the anisotropic 
conductive interposer 214. The site 200 of the guide plate 108 has openings 
therein which are occupied by the contact elements 203. The guide plate and 
25 contact elements isolate the anisotropic conductive interposer 214 from the 

device or electrical component 202 which would contaminate the interposer. In 
addition, the end 3 10 of contact elements are designed to place minimal wear on 
the interposer 214. 
Kelvin Connectinns 

30 One of the instances where it may be desired to have two 

electrical paths to a single input/output element 203 is for making a kelvin 
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connection. A kelvin connection is basically a high-impedance connection that 
is used to measure voltage at a particular point in an electrical path. One 
approach for making a kelvin connection has been shown in Figure 3. In Figure 
3, a single contact element 208 forms an electrical path to the force-trace pad 330 

5 and the sense-trace pad 332. The end 310 makes an electrical path to both the 
pad 330 and the pad 332. The sense-trace pad 332 is connected to a high- 
impedance line input into the test electronics 112. The force-trace pad 330 
carries a signal or signals to and from the electrical component 202. Thus, there 
are two electrical paths formed through the conductive interposer material 214. 

1 0 The voltage can be accurately measured through the high-impedance path 
attached to the sense trace 232. This is one way to accomplish a kelvin 
connection to an input/output element 203 of a device 202. At this point it 
should be noted that in it is not unconunon to have a kelvin connection for many 
or even all of the input/output elements 203 on the grid array package. 

15 Different Contact Elements 

The contact elements 208 can be varied to provide for electrical 
contact with a variety of different input/output elements 203 of the electrical 
component 202. Different contact elements are used for different applications or 
test situations. FIGS. 4, 5, 6, 7 and 8 show different types of contact elements. 

20 In each of these FIGs. therjc are common elements which need not be described 
each time. Each figure includes a guide plate 108 showing one of the openings 
206 therein in which the contact element 208 rides. The anisotropic compliant 
conductive interposer 214 is situated below the contact element 208. A pad 322 
is situated below the anisotropic compliant conductive interposer 214. The 

25 contact elements vary in FIGS. 4-8. More specifically are the ends 300 and 310 
of the contact elements 208 vary. 

FIG. 4 shows an input/output element 203 in contact with contact 
element 208. The input/output element 203 is a pin from a pin grid array 
electrical component package. Contact element 208 is shown within the opening 
30 206 in guide plate 108. End 300, which contacts the input/output element 203, 
has a conical depression. The pin grid array type input/output element 203 fits 



wo 98/13695 




PCT/US97/08901 



11 

within the depression in the end 300 of the contact element 208. End 3 1 0, which 
contacts the anisotropic compliant conductive intcrposer 214, has a 
hemispherical shape. Each of the contact elements 208 described in FIGs. 4-9 
has a hemispherical end 3 1 0 for contacting the anisotropic compliant conductive 
5 interposer 214. The size or radius of the end is varied depending on the 

application. The size or radius is varied so that different numbers of individual 
conducts 352 in anisotropic compliant conductive interposer 214 will form the 
electrical signal carrying path. The cylinder on end 3 1 0 is larger in diameter 
than the opening 206 in the guide plate 108. A pad 322 of the user interface 
10 board (shown in FIG. 3) is positioned below the anisotropic compliant 

conductive interposer 2 14. FIG. 5 shows a similar contact element 208. In this 
instance, the end 300 which contacts the electrical device 202 has a 
hemispherical shape. The guide plate 1 08 is also thinner than the guide plate 
shown in FIG. 4. This type of arrangement is used to contact electrical devices 
1 5 that have input/output elements 203 which are lands on the electrical device. 
The lands are pads which may or may not be raised and are positioned in an 
array on one surface of the electronic component or chip device 202. The 
hemispherical end as shown in FIG. 5 provides electrical contact with the lands 
on the electronic component 202. 
20 In FIG. 6, contact element 208 has a conical end 300 for 

contacting the input/output elements 203 of the electronic component 202. The 
contactor described herein is not restricted to use in grid array type packages. 
The contact element shown in FIG. 6 can be used to contact leads on a 
peripherally leaded electronic package. The contact element of FIG. 6 is a 
25 conically shaped element. A needle-shaped end 300 could also be employed. 
These smaller tipped contact elements are used to contact smaller surfaces or 
may be used to penetrate an oxidation or contamination layer which may be on 
the lead. 

Several other types of ends are shown in FIGs. 7 and 8. FIG. 7 
30 shows another contact element 208. The end of the contact element 208 shown 
in FIG. 7 has a bore 701 . The bore 701 in the end 300 produces an edge 702 
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which provides good edge contact for some of the input/output elements 203 of 
the electrical component 202. This is typically used to contact balls of a ball grid 
array package. The edge penetrates oxidation or contamination layers. This end 
is also resistant to contamination on the edge contact surface. FIG. 8 shows 
5 another contact element 203. The end 300 in FIG. 8 includes multiple prongs 
802. As shown, there are six prongs 802 on the end 300 which are used to 
contact the input/output elements 203 of the electrical component under test 202, 
The other end 310 is rounded so that it can contact the anisotropic compliant 
conductive interposer 214 without excessive wear to the interposer. It should be 
10 noted that the type of end 300 and 310 used on each contact element 203 can be 
mixed and/or matched depending upon the application for which the contact 
element is to be used. Different ends, for example, may be better for contacting 
different types of input/output elements 203. It is also contemplated that the 
ends 300 and 310 shown are not exhaustive and that other designs of ends 300 
15 and 3 1 0 for contact elements 208 are also contemplated and included in this 
invention. There are several reasons for selecting different types of ends. For 
example, one type of end may provide an edge contact and other types of ends 
may provide point contacts. Some ends may be easier to maintain cleanliness 
and other ends 300 may be used to penetrate oxidation layers or contamination 
20 that may occur on input/output elements 203 . 

Another way to improve electrical contacts is to make the 
openings 206 inside the guide plate 208 angled with respect to the surface 204 of 
the site 200 for receiving the electrical device. This is shown in FIG. 9. In the 
previous figures, the angle of an axis of the opening 206 is perpendicular to the 
25 surface 204. In this particular instance, the angle has been modified slightly so 
that it is non-perpendicular to the surface 204. This provides an advantage in 
that the end 300 of the contact element 208 which contacts the input/output 
element 203 scrubs the input/output element 203 as it comes into contact with it. 
In other words, when the contact element 208 travels at an angle, the end 300 
30 passes across the input/output element and scrubs through an oxidation and/or 
contamination layer that may have been formed on the input/output element 203. 
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Incorporation of External Circuitry 

FIG. 1 0 shows an apparatus where external circuitry is added as 
part of the contactor. The external circuitry is sandwiched between the tester 
interface board 320 and the contactor 1 10 when making a series connection with 
5 the user interface board 320. An anisotropic compliant conductive interposer 
214 on a frame 212 (shown in FIG. 2) abuts the contactor 110. Added to the 
sandwich, however, is a circuitry housing 1000, a second anisotropic compliant 
conductive interposer 1010, a third anisotropic compliant conductive interposer 
1014 on a frame 1012 and an external circuit module interface 1020. The third 
10 anisotropic compliant conductive interposer 1014 in frame 1012, the circuitry 
housing 1000, the second anisotropic compliant conductive interposer 1010, and 
the external circuitry module interface 1020 form an external circuitry module 
1050. The contactor 1 1 0 is essentially the same as previously described. It fits 
atop the external circuitry module interface 1020. External circuitry module 
1 5 interface 1 020 is a printed circuit board that includes pads 1 022 on the surface 
abutting the contactor that are arranged in an array that corresponds to the array 
of the contactor and accordingly, the device or electrical component 202 under 
test. The external circuitry module interposer 1020 has pads on the bottom 
surface arranged so that they provide an electrical path to the desired pads or 
20 components in the circuitry housing 1000. The external circuitry interface 
provides an electrical path from the pads 1022 arranged in an array on the 
surface abutting the contactor 1 10 to the components with the circuitry housing 
1 000. The external circuitry module also provides a flat surface to which the 
contactor can interact. The circuitry housing 1000 includes external circuitry 
25 within the frame of the circuitry housing. The external circuitry includes discrete 
circuit components arranged in such a way that the pads on the bottom of the 
external circuitry interface 1020 contact the discrete components through the 
second anisotropic compliant conductive interposer 1010. 

It should be noted that the pads on the bottom of the external 
30 circuitry interface can be soldered directly to the discrete components within the 
circuitry housing 1000. Of course, the anisotropic compliant conductive 
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interposer would be eliminated in the direct solder contact approach. Once 
hardwired, the user loses the opportunity to reconfigure the external circuitry 
module interface 1020 with respect to the circuitry housing 1000. The 
anisotropic conductive compliant interposer provides flexibility that allows a 

5 user to reconfigure the system. The second anisotropic compliant conductive 
interposer 1010, like the other interposer, provides an electric path between the 
pads 1022 of the external circuitry module interface 1020 and corresponding 
discrete components in the circuitry housing 1000. Similarly, the bottom surfece 
of the housing also has pads or contacts to discrete electrical components. The 

1 0 third anisotropic compliant conductive interposer 1014 connects the pads or 
contacts of the circuitry housing 1000 to the pads of the tester interface board 
320. The tester interface boaid is connected to the automated test equipment or 
test electronics 112. The circuitry housing 1000 contains circuits for any desired 
testing condition. 

15 Also shown in FIG. 1 0 is a parallel connection between the tester 

interface board 320, the contactor 1 10, and a second circuitry housing 1060. 
Again, an anisotropic compliant conductive interposer 1070 within a frame 1072 
is used to provide a compliant, conductive path between the circuitry housing 
1060 and the tester interface board 320. To make a parallel connection to the 

20 tester interface board 320, pads (not shown) must be placed on the lower or 

opposite surface of the tester interface board 320. The pads on the bottom of the 
tester interface board 320 correspond to the pads on the circuitry housing 1 060 
so that upon assembly, the anisotropic compliant conductive interposer 1070 
provides a compliant surface with a plurality of paths to the pads on the tester 

25 interface. It should be understood that one can choose to make any sort of 
parallel connection between the device under test 202 and the circuitry in 
circuitry housing 1060 and the interface board 320 without having to make a 
serial connection. Also it should be understood that one can make a serial 
connection between the electrical component or device 202 under test and the 
30 circuitry housing 1 000 and the tester interface board 320 without having a 



BNSDOCID: <WO_9813695A1J_> 



W098/1369S 




PCT/US97/08901 



15 

parallel connection. The types of circuitry and the type of connection can be 
varied without departing from the scope of this invention. 
Manual Actuator to Support Hand Tessting 

Manual testing is also needed for testing vsathout an automated 
5 test handler of devices or electrical components 202. Manual actuators are used 
to support such manual testing. In a manual test environment, devices are placed 
in a contactor by hand or by using a vacuum pickup wand. There is no nest 
involved and, therefore, the contactor 1 10 must directly align to the device or 
electrical component 202. A manual actuator 1 1 00 applies the necessary 
10 compression force for contact between the device under test 202 and the 

contactor 110. The actuator 11 00 is designed to properly support the package so 
that no damage occurs while undergoing compression. The manual actuator 
1 100 includes a contactor 1 10, a frame 1 120, a lid 1 130, a clip 1 135 and an 
actuator lever 1 140. The lid 1 130 is attached to the frame by a hinge 1 122. FIG. 
15 11 shows the manual tester in a closed position. 

A manual actuator is shown in FIG. 1 1. The manual actuator is 
used when the cost of automated test handling device is prohibitive or in cases 
where there are not many electrical components tested at a particular factory. 
The contactor 1 10 is the same as has been described above. A frame 1 120 is 
20 attached to the contactor 110. A lid 1 1 30 is attached to the frame with a hinge 
1 122. A clip 1 135 holds the lid 1 1 30 closed with respect to the frame 1 120. 
Attached to the top of the lid 1 130 is an actuator mechanism which includes an 
axle 1 142, a cam 1 144 and an actuator lever 1 140. The cam 1 144 and the 
actuator lever 1 140 are attached to the axle 1 1 42. A pair of pivots capture two 
25 portions of the axle 1 142. The cam 1 144 contacts an actuation pin 1 1 50. 

FIG. 12 shows a cross-sectional perspective view of the manual 
actuator. In FIG. 12, the cam 1 144 is in contact with the actuator pin 1 1 50. The 
cam 1 144 is elliptically shaped such that when rotated by the actuator lever 
1 140, it produces a downward force on the actuator pin 1 1 50. The actuator pin 
30 11 50 is attached to a supportive compressive plate 1 160. The supportive 

compressive plate 1 160 distributes the force placed on the actuator pin over the 
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surface of the supportive compressive plate 1 160. In operation, the supportive 
compressive plate 1 160 contacts the device 202 under test and places a proper 
compressive force on the device under test or electrical component 202. In the 
manual testing environment, the guide ways of the guide plate have to provide 
5 precise alignment for the device under test 202. Of course, precise alignment is 
needed for a land grid array type electronic package. If the electronic pack^e 
being tested is a ball grid array type package, the input/output elements 203 will 
serve to precisely align the ball grid array with the contact elements. The rest of 
the contactor is exactly the same as described above. The manual actuator 
10 allows for flexibility in terms of cost and in terms of testing low numbers of 

electrical components and provides the same advantages, namely, freedom from 
many of the undesirable electrical conditions produced by long electrical 
contacts or long leads in a contactor. 

Various components of the testing apparatus can be changed. 
1 5 FIG 1 3 shows another embodiment of the testing apparatus that substitutes an 
array of raised sculpted contacts 1310 on a non conductive film array 1300 such 
as a sheet of polyimide. The array of individual raised sculpted contacts are 
formed using etching steps to remove metal plated onto the nonconductive film 
array 1300 and additive or plating steps add more metal to the pad sites . The 
20 result is an array ofraised sculpted contacts on the polyimide sheet. A first 
alignment opening 1320 and a second alignment opening 1322 are also placed 
onto the polyimide sheet using the etching process. Advantageously, the 
precision associated with etching is used to locate the array with respect to the 
alignment openings. Dowels can then be placed into the alignment openings and 
25 into the guide plate and interface board to precisely align the raised sculpted 
contacts with respect to the input/output elements on the electrical device under 
test 202 and other portions of the contactor 1 0 1 . A plurality of conductors, 
represented by a pair of arrows, carries electrical signals to and from test 
electronics 11 2 

30 It is to be understood that the above description is intended to be 

illustrative, and not restrictive. Many other embodiments vn\l be apparent to 
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those of skill in the art upon reviewing the above description. The scope of the 
invention should, therefore, be determined with reference to the appended 
claims, along with the fiill scope of equivalents to which such claims are entitled. 
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What is claimed is: 

1 . A test apparatus for receiving and electrically testing an electrical device 
having a plurality of input/output elements formed in an array on a surface of the 

5 electrical device package, comprising: 

a guide plate including plurality of contact elements, said contact 
elements having a first end and a second end, said contact elements positioned in 
an array, said array of contact elements positioned to contact input/output 
elements of said electrical device; 

1 0 a printed circuit having a plurality of pads; and 

an anisotropic compliant conductive interposer positioned between the 
contact elements of the guide plate and pads of the printed circuit so that one of 
the first or second end of the contact elements contacts the anisotropic compliant 
conductive interposer in response to the plurality of input/output elements 

1 5 contacting the other end of said first or second end of the contact elements to 
form an electrical path firom the input/output element of the electrical device to a 
pad on the printed circuit. 

2. The contactor apparatus for receiving an electrical component having a 
20 plurality of input/output elements of Claim 1 wherein the printed circuit is non 

conductive film array. 

3. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the printed circuit is a 

25 flexible circuit. 

4. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the contact elements of the 
guide plate are cylindrically shaped. 

30 
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5. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the other end of said first 
or second end of the contact element for contacting the input/output elements of 
the electrical device package has a concave shape. 

5 

6. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the other end of said first 
or second end of the contact element for contacting the input/output elements of 
the electrical device package has a convex shape. 

10 

7. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the other end of said first 
or second end of the contact element for contacting the input/output elements of 
the electrical device package has a conical shape. 

15 

8. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the other end of said first 
or second end of the contact element for contacting the input/output elements of 
the electrical device package has a bore therein, said bore defining an edge 

20 contact with the input/output element. 



9. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the guide plate further 
comprises: 

25 a first site for receiving a first electrical device having a plurality 

of input/output elements formed in an array on a surface of the electrical device 
package; and 

a second site for receiving a second electrical device having a 
plurality of input/output elements formed in an array on a surface of the 
30 electrical device package. 
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10. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the printed circuit includes 
pads positioned so that when one of the first or second end of the contact 
elements contacts the anisotropic compliant conductive interposer in response to 

5 other end the input/output elements contacting the other end of said first or 

second end of the contact elements, two pads on the printed circuit are contacted. 

1 1 . The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 1 wherein one of said two pads is a 

10 high impedance electrical path. 

12. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 wherein the guide plate is attached 
to the printed circuit having a plurality of pads, said contactor apparatus further 

15 comprising a frame, said anisotropic compliant conductive interposer attached to 
said frame so that the anisotropic compliant conductive interposer positioned 
between the contact elements of the guide plate is substantially free of 
compressive forces resulting from the attachment of the guide plate to the printed 
circuit. 

20 

13. A contactor guide plate for receiving an electrical device having a 
plurality of input/output elements foraied in an array on a surface of the 
electrical device package, said guide plate having a plurality of openings therein, 
said contactor guide plate further comprising: 

25 guide ways for coarse positioning of said electrical device; and : 

a plurality of contact elements which fit within the openings of the guide 
plate, said contact elements having an end that contacts the input/output elements 
of the electrical device package. 

30 14. The contactor guide plate for receiving an electrical device having a 
plurality of input/output elements formed in an array on a surface of the 
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electrical device package as described in Claim 13, wherein the plurality of 
openings within the guide plate are substantially perpendicular to the surface of 
the electrical device after the electrical device has been received by said guide 
plate. 

5 

15. The contactor guide plate for receiving an electrical device having a 
plurality of input/output elements formed in an array on a surface of the 
electrical device package as described in Claim 1 3, wherein the plurality of 
openings within the guide plate are at a non-perpendicular angle with respect to 

10 the surface of the electrical device after the electrical device has been received by 
said guide plate. 

16. The contactor guide plate for receiving an electrical device having a 
plurality of input/output elements formed in an array on a surface of the 

1 5 electrical device package as described in Claim 1 3, ftirther comprising: 
a frame abutting the guide plate; and 

an anisotropic compliant conductive sheet positioned within said frame, 
said frame and anisotropic sheet positioned near the end of the contact elements 
opposite the end that contacts the input/output elements of the electrical device 
20 package. 

1 7. A testing apparatus for testing an electrical component having a plurality 
of input/output elements formed in an array on a surface of the electrical device 
package, said testing apparatus comprising: 

25 a contactor apparatus for receiving the electrical component and making 

electrical connections with the input/output elements, said contactor ftirther 
comprising: 

a guide plate including plurality of contact elements, said contact 
elements having a first end and a second end, said contact elements positioned in 
30 an array, said array of contact elements positioned to contact input/output 
elements of said electrical device; 
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a printed circuit having a plurality of pads; and 
an anisotropic compliant conductive interposer positioned 
between the contact elements of the guide plate and pads of the printed circuit so 
that one of the first or second end of the contact elements contacts the 
5 anisotropic compliant conductive interposer in response to the plurality of 

input/output elements contacting the other end of said first or second end of the 
contact elements to form an electrical path fix)m the input/output element of the 
electrical device to a pad on the printed circuit; and 
a nest for holding the electrical device; 
10 an actuator for moving the nest and electrical device into engagement 

with the contact apparatus; and 

electrical test equipment in electrical connection with the anisotropic 
compliant conductive interposer. 

15 18. A contactor apparatus for receiving an electrical device having a plurality 

of input/output elements formed in an array on a surface of the electrical device 

package, said contactor comprising: 

a guide plate including plurality of contact elements, said contact 

elements having a first end and a second end, said contact elements positioned in 
20 an array so that said contact elements contact the input/output elements of said 

electrical device; and 

an anisotropic conductive interposer positioned near the contact 

elements of the guide plate, said anisotropic conductive interposer having 

conductors therein for carrying signals to and from the contact elements, in 
25 response to the input/output elements contacting the other end of said contact 

elements. 

19. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 18 wherein the contact elements of 
30 the guide plate are cylindrically shaped. 
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20. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 18 wherein the end of the contact 
element for contacting the input/output elements of the electrical device package 
has a concave shape. 

5 

21 . The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 8 wherein the end of the contact 
element for contacting the input/output elements of the electrical device package 
has a convex shape. 

10 

22. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 18 wherein the end of the contact 
element for contacting the input/output elements of the electrical device package 
has a bore therein. 

15 

23. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 1 8 further comprising a plurality of 
discrete electrical components electrically connected to the anisotropic 
conductive interposer. 

20 

24. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 23 wherein the discrete electrical 
components are housed within a housing. 

25 25- The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 24 further comprising an interface 
between the discrete electrical components within the housing and the 
anisotropic conductive interposer. 

30 26. The contactor apparatus for receiving an electrical component having a 
plurality of input/output elements of Claim 24. 
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